The strength of the orienting response to a light was investigated in three inhibitory conditioning experiments. In Experiment 1 the occurrence of the light was negatively correlated with food delivery; this procedure resulted in a decline in the strength of the orienting response. A more rapid decline in the strength of this response was observed in rats receiving the light and food presented randomly or the light presented alone. In the remaining experiments a discrimination procedure was used in which the light was presented, nonreinforced, simultaneously with a tone. On reinforced trials the tone was presented alone and was followed either directly by food (Experiment 2) or by a clicker that signaled food (Experiment 3). The results from these studies were very similar to those of Experiment 1. It is concluded that the strength of the orienting response to a light may reflect the amount of attention or central processing that it receives, which itself is determined by the accuracy with which its immediate consequences are predicted.
In a typical Pavlovian conditioning procedure, the repeated pairings of a conditioned and unconditioned stimulus (CS and US) result in the former's acquiring the capacity to elicit responses appropriate to the occurrence of the latter. In general, the CS is initially a motivationally neutral stimulus, but this is not to say that it does not possess response-eliciting properties in its own right. Pavlov (1927) observed that the presentation of a novel, neutral stimulus will result in its eliciting what he termed an investigatory reflex that brings about the immediate response in man and animals to the slightest changes in the world around them so that they immediately orientate their appropriate receptor organ in accordance with the perceptible quality in the agent bringing about the change, making the full investigation of it. (p. 12) More recently this response has become the focus of attention in research with humans and is more commonly referred to as the orienting response (OR) (cf. Sokolov, 1963) . examine the effects of inhibitory conditioning on the strength of the OR elicited by a light.
Hitherto, our research (Kaye & Pearce, 1984a , 1984b Pearce, Kaye, & Hall, 1982) has focused on the effects of excitatory conditioning on the strength of the OR. In summary, this has shown that the strength of the OR is inversely related to the predictive accuracy of the CS toward which it is directed. Thus, stimuli that can be regarded as accurate predictors of their consequences, such as those presented in isolation or paired with a US on a continuous reinforcement schedule, have been found to elicit a weak OR. A much stronger OR, however, has been observed in the presence of stimuli that can be assumed to be inaccurate predictors of the events they precede--for example, during the initial trials of either acquisition or extinction, or throughout training when the CS is paired with a US on a random, partial reinforcement schedule.
In the following experiments we examine whether a similar relation can be obtained during inhibitory conditioning in which the CS is related to the omission rather than the occurrence of the US. If the preceding account is correct, then during the initial trials of inhibitory conditioning, the strength of the OR directed toward the CS should be high. As conditioning attains a stable asymptote, 406 JOHN M. PEARCE AND HELEN KAYE however, and the CS can be assumed to be an accurate or reliable predictor for the nonoccurrence of the US, then the strength of the OR that it elicits should decline to a relatively low level.
There are at least two different procedures that, it is generally acknowledged, result in inhibitory conditioning (Rescoda, 1969) . One of these involves the presentation of the CS and US in a negatively correlated manner so that the likelihood of occurrence of the latter during an experimental session is least during the CS and for a period following its offset. Experiment l examines the strength of the OR during inhibitory conditioning with this procedure. The second method entails a discrimination between reinforced presentation of one CS, X, intermixed among nonreinforced presentation of a compound AX. As a result of this training, CS A usually acquires the inhibitory capacity of suppressing the conditioned response normally elicited by X. Experiments 2 and 3 investigate the effects of this procedure on the strength of the OR elicited by A.
In addition to providing further information about the factors that influence the strength of the OR, the proposed experiments may also have important theoretical implications. A number of theorists have proposed that the amount of attention or central processing that a CS receives determines the magnitude of associative learning on a conditioning trial (e.g., Mackintosh, 1975; Pearce & Hall, 1980; Wagner, 1976 Wagner, , 1978 . Our interest in the OR stems from the possibility that the strength of this response may provide a behavioral index of the amount of attention or processing afforded the stimulus to which it is directed. If this is correct, then an examination of the factors that influence the strength of the OR may provide a further means of evaluating a number of contemporary theories of learning. This possibility is pursued further in the General Discussion.
Experiment 1
The inhibitory conditioning procedure in this experiment consisted of presenting the light in a negatively correlated relation with food. This stimulus was selected because our previous research (Kaye & Pearce, 1984b) indicated that it elicits a strong and readily identifiable OR when novel. Animals in Group L-were placed in a conditioning chamber in which food pellets were occasionally presented. The delivery of food was random except that it was withheld during the presence of a 10-s light and for a period of I min after the termination of this stimulus. There is abundant evidence to suggest that this procedure will result in the light's becoming an inhibitory CS (cf. Mackintosh, 1974) . According to the analysis presented in the introduction, the strength of the OR to the light should persist at a relatively high level during the initial sessions of conditioning but ultimately decline. There were two control groups in this experiment. Group L ° received nonreinforced presentations of the light and no food at all during the main stage of the experiment. Group RC (random control) received a number of food and light presentations similar to Group L-, but these events were programmed to occur randomly with respect to one another.
In order to confirm that the light does elicit an OR when novel, all subjects received a pretest session in which this stimulus was presented in the absence of food. In addition, at the end of the inhibitory conditioning stage all groups received a number of sessions in which the light was paired with food. The purpose of these sessions was to provide a retardation test (Rescorla, 1969) for the inhibitory properties of the light in Group L-. If the inhibitory training for this group is effective, then excitatory conditioning with the light should proceed more slowly for Group L-than for the control groups.
Method
Subjects. The subjects were 24 male Sprague-Dawley rats of mean free-feeding weight 334g (range: 285-404 g). Before the experiment they were gradually reduced to 80% of their free-feeding weights and maintained at this level by restricted access to food after each session.
Apparatus. Four Campden Instruments experimental chambers (30 x 25 X 20 cm) with the levers removed were used. Forty-five-rag food pellets (Campden Instruments) could be delivered into a food hopper situated midway along one side wall. This hopper was covered by a Perspex flap, which, when opened, activated a microswitch. The light CS was a 6-W bulb located 6 cm to the left of the magazine and 6 cm above the grid floor. The chambers were housed in shells that were stacked in a 2 X 2 matrix with the front doors permanently open.
A JVC camera was placed 2 m in front of this stack to enable the simultaneous videorecording of the four chambers. The camera was connected to a JVC videorecorder and a Hitachi 12-in monitor. The video equipment and programming of events was controlled by a microcomputer to enable the recording of behavior during every illumination of the light.
Procedure. Subjects initially received two sessions, each lasting 50 min, of magazine training in which pellets were delivered on a 60-s variable time (VT) schedule. They were then randomly allocated to the three groups and given a single 35-min session of preexposure to the light. During this session six 10-s illuminations of the light were presented at regular 4-min intervals. Food was not available during this session. This pattern of light presentations was maintained for the l0 sessions of Stage 1 with six pellets of food per session being delivered to Group L-and RC but not to Group L °. In Group Lfood was programmed to be delivered according to a VT 4-min schedule, with the constraint that it could not be presented during the light or for a l-min period before or after this stimulus. In Group RC the food was delivered according to a VT 6-rain schedule, and there were no constraints concerning its relation with the presentations of the light.
The pattern of light presentations was continued for the four sessions of Stage 2. For all groups the termination of each light was accompanied by the delivery of one pellet of food.
Throughout the experiment, magazine entry, as measured by the total time that the microswitch was operated, was recorded during each presentation of the light. Behavior during the light was automatically videorecorded and scored as for previous studies (Kaye & Pearce, 1984b) . Briefly, each rat was observed twice during the light, once 4 s after its onset and again 5 s later. On each observation a judgment was made as to whether a subject was performing an OR; for each animal the number of responses per session was counted and transformed to give the percentage of total observations made. An OR was defined as rearing in front of the light or contacting the light with the snout or paws. For Group RC the results of a trial were ignored if food was presented during the light.
Results
The upper panel of Figure 1 illustrates the percentage of observations that constituted an OR for each group for all sessions of the experiment in which the light was presented. It is evident that on the preexposure session the light, when novel, elicited a reasonably strong OR. This declined in strength during the l0 sessions of Stage 1 but more slowly in Group L-than in the control groups. In Stage 2, when the light was paired with food, all three groups showed a recovery in the strength of the OR to the light.
Analyses of variance were performed using individual percentages of observations that composed an OR for each session. On the preexposure session the difference among the groups was not significant (F < 1). During Stage l, the effects of sessions, F(9, 189) --4.38, p < .05, and of groups, F(2, 21) = 3.86, p < .05, were significant, but the Group X Session interaction was no t, F(18, 189)= 1.03, p > . 10. Subsequent comparisons using the Newman-Keuls procedure (p set at .05) indicated that the overall group mean for Group L-was significantly greater than for either Group L ° or Group RC. For the four sessions of Stage 2 there was a significant effect of sessions, F(3, 63) = 5.32, p < .05, but the effects of groups and the Group X Session interaction were not significant (Fs < 1).
The results for magazine entry are presented in the lower panel of Figure 1 . The predominance of zero scores for many of the subjects during many of the sessions dictated the use of nonparametric statistical analysis for these results for all experiments.
Magazine activity during the light was at a low level for the preexposure session, but there was an increase in this measure for the initial sessions of Stage 1. By the final sessions of this stage, magazine activity during the light was again very low in all three groups. For the final four sessions of the experiment, excitatory conditioning with the light resulted in an increase in magazine activity in the three groups but most slowly in Group L-. Statistical analyses were conducted using individual mean durations of magazine activity for all the sessions of a given stage combined. There were no differences among the groups in the duration of magazine activity in the presence of the light on the preexposure session, Kruskal-Wallis H(2) = .83, p > .30. During Stage l there was a significant difference among the groups in this measure, //(2) = 9.8, p < .01. Subsequent comparisons revealed that there was significantly more magazine activity in Group RC than in Group L °, Mann-Whitney U = 8, p < .05. All other comparisons failed to reach significance, Us > 18, ps > .15. Two factors probably contributed to the initial moderate levels of magazine activity evident in the three groups at the start of Stage 1. First, all subjects received two sessions of magazine training in which food was presented on a VT l-rain schedule prior to this stage. This training may well have sustained a measure of magazine activity throughout the entire session at the start of Stage 1. In addition, the high level of magazine activity in Group RC, and to a lesser extent Group L-, relative to Group L ° suggests that this activity was augmented by the occasional delivery of food in the former two groups. To examine the possibility that differences in magazine behavior during the light reflected similar differences throughout the session, magazine activity for every 10-s interval prior to light onset was recorded. The pattern of this activity was very similar to that observed during the light, initially high but declining as training progressed. The mean duration of pre-CS activity was computed for each subject for all 10 sessions combined. In Group RC the median of these
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-- Analysis of individual mean durations of pre-CS magazine activity revealed a significant difference among the groups, H(2) = 7.8, p < .05. Subsequent comparisons indicated that there was significantly less pre-CS activity in Group L ° than in Group RC, U = 7, p < .01. All other comparisons failed to reach significance, Us > 16, ps >. 10. Furthermore, paired comparisons of individual mean durations of magazine activity during the light and during the pre-CS interval indicated the presentation of the light had no significant influence on this activity, Ts > 9, ps > .05. The analysis of individual mean durations of magazine activity for the four sessions of Stage 2 combined revealed a significant difference among the groups, H(2) = 6.2, p < .05. Subsequent comparisons indicated that magazine activity was significantly less in Group L-than in either Group L ° or Group RC, Us < 12, ps < .05. The difference between Group L ° and Group RC was not significant.
Discussion
Presenting a light negatively correlated with respect to food resulted initially in a relatively strong OR to the light that eventually declined in strength with extended training. This OR declined in strength more rapidly for subjects that received either random presentations of the food and light or the light by itself. The slow rate of excitatory conditioning with the light in Group L-in the final phase of the experiment indicates that the negative correlation between the food and the light was sufficient to endow the light with inhibitory properties. These results thus indicate that the effects, previously reported by Kaye and Pearce (1984b) , of excitatory conditioning on the strength of the OR elicited by a light can also occur during inhibitory conditioning.
Experiment 2
The purpose of this experiment was to examine whether results similar to those of Experiment 1 can be obtained using an alternative, discrimination procedure for establishing the light as a conditioned inhibitor.
Group CI received training in which reinforced tone trials were intermixed among nonreinforced presentations of a light-tone compound. In procedures based on this design it is generally found that with sufficient training the reinforced element by itself will elicit a strong conditioned response (CR) that will not occur when this stimulus is presented in the nonreinforced compound. The success of this discrimination is said to depend upon the nonreinforced stimulus becoming a conditioned inhibitor (Pearce & Hall, 1980; Rescoda & Wagner, 1972) . On the basis of Experiment l, as well as the analysis presented in the introduction, we should expect the light to elicit a strong OR during the initial stages of discrimination training. Once, however, the discrimination is mastered, then the strength of the OR to the light should decline. A control group received an equivalent number of presentations of the tone and the tonelight compound, but food was presented randomly with respect to these events. In these circumstances the light should not acquire any conditioned properties, and, as in the case for Group RC of Experiment l, the decline in the OR to the light should be more rapid for the control group than for experimental subjects.
In Experiment 1 it was found, after a number of inhibitory conditioning sessions, that pairing the light with food resulted in a restoration of the OR for this stimulus. In the present experiment, after discrimination training, subjects received a number of nonreinforced presentations of the light by itself. The purpose of this session was to examine the effect that suddenly omitting the tone had on the strength of the OR to the light.
Method
Subjects and apparatus. The subjects were 16 naive male Sprague-Dawley rats with a mean free-feeding weight of 308 g (range: 270-359 g). The deprivation conditions were the same as for Experiment 1. The apparatus was that used in Experiment I. A 4-kHz tone at an intensity of 76-dB re 20 #N/m 2 could be presented through a loudspeaker located on the top of each conditioning chamber.
Procedure. Subjects were magazine trained with pellets delivered on a VT 60-s schedule for two 50-min sessions. They then received five conditioning sessions of 40 min duration. In each session Group CI (conditioned inhibition) received six 10-s presentations of the tone, each followed immediately by one pellet of food. The intertrial interval was 4 min, and the first trial commenced 6 min after the start of the session. Group RC received exactly the same treatment except that the tone was not presented during this stage. For the next l0 sessions of Stage l, each lasting 60 min, both groups received presentations of the tone or the light and tone simultaneously for l0 s. The order of the trials was random with the constraint that no more than three identical trials could occur consecutively. In Group CI each independent presentation of the tone was followed immediately by a pellet of food. In Group RC food was presented randomly on a VT 8-min schedule.
The conditions for each group for the final five sessions of the experiment, Stage 2, were the same as those prevailing during the preceding stage, except that in place of nonreinforced presentations of the tone-light compound, both groups received nonreinforced light trials.
The duration of magazine entry was recorded for every presentation of the tone, light, and tone-light compound. Behavior during the light, either alone or in compound was videorecorded and analyzed in the same manner as for Experiment 1.
Results
On the preexposure session the mean percentage of observations that consisted of an OR was 50 in Group CI and 51 in Group RC. This difference was not statistically reliable (t < l). The upper panel of Figure 2 rr O shows the mean percentage of ORs that were recorded in the presence of the light for the two groups during discrimination training and for the sessions when the light was presented alone. The initial sessions of discrimination training indicated that light orientation was stronger in the control group. As conditioning progressed, however, there was an increase in orientation to the light in Group CI and a decline in Group RC. As a result, during the intermediate trials of discrimination training orientation to the light was stronger in Group CI. Eventually, the effects of this recovery declined, leading to similar low levels of orientation in both groups. The right-hand portion of the upper panel shows that when the light was presented by itself, this change in procedure produced a temporary increase in orientation in Group CI, but there was no effect of this manipulation on Group RC.
An analysis of variance of individual data for the 15 sessions of discrimination training revealed a significant Session X Group interaction, F(14, 196) --3.9, p < .01, and a significant effect of sessions, F(14, 196) = 1.86, p < .05. The effect of groups was not significant (F < 1). To explore the interaction in more detail, simple main effects analyses were conducted for each session (Kirk, 1968) . The groups differed significantly on Sessions l, 2, 3, 9, 10, and l l, Fs (l, 210) < 4.3, ps < .05.
A similar analysis for the next five sessions, when the light was presented alone, yielded a significant Session X Group interaction, F(4, 56) = 4.9, p < .01. The effects of groups, F < 1, and of sessions, F(4, 56) = 1.6, p > • 15, were not significant. Simple main effects analyses revealed that the groups differed significantly on only Session 1 of this stage, F(I, 70) = 12.1, p < .01. An examination of the subjects' behavior on this session revealed the following percentages of observations that composed light orientation for Group CI across the six trials successively: 12, 62, 31, 31, 31, and 12. For Group RC these values were 0, 25, 12, 12, 12, and 6.
The lower panel of Figure 2 shows the mean duration of magazine activity during the tone and the tone-light compound for both groups in the final two stages of the experiment. On the initial discrimination training sessions, Group CI showed an increase in this activity for the tone and the tone-light compound. With continued training, the extent of magazine activity increased further for the reinforced tone and declined in the presence of the nonreinforced lighttone compound. Throughout discrimination training, there was no evidence of any substantial magazine activity during either the tone or the compound in Group RC. The pattern of results at the end of discrimination training was sustained throughout the final stages of the experiment.
Statistical analysis of individual mean durations of magazine activity for all the sessions of each stage combined confirmed that this activity in Group CI was stronger during the tone than during the compound in discrimination training T --0, p < .05, and than during the light in the final stage, T = 0, p < .05.
Discussion
For the control group, the strength of the OR to the light, which was presented in compound with a tone and randomly with respect to food, declined gradually to a low asymptote as training progressed. This pattern is entirely consistent with the results from the control groups of the previous experiment. The results for the experimental group, at least initially, differ from that seen in Experiment 1 and from that predicted in the introduction. During the early stages of discrimination training, the light elicited a relatively weak OR, but as training progressed, this response gained in strength and then gradually weakened again. The explanation for the weak OR at the outset of discrimination training in Group CI probably rests with the prior appetitive conditioning conducted with the tone. Any tendency to orient toward the light when initially presented in compound might then have been suppressed by magazine activity elicited by the tone. In support of this proposal it can be noted in Figure 2 that magazine activity during compound trials was relatively high at the outset of discrimination training. The recovery in strength of the OR as training progressed could reflect a removal of this competing influence as the discrimination was mastered. In spite of this result it is important to emphasize that the strength of the OR for the intermediate discrimination training sessions was significantly greater in Group CI than in Group RC. This finding is consistent with the results of the previous experiment and so, too, is the ultimate decline in the strength of this response. It would appear, then, that discrimination training of the sort administered in the present study, at least in the later stages, has a similar influence on the strength of light orientation as the negatively correlated procedure of the previous experiment.
One novel finding of this experiment is the significant, temporary recovery in the OR to the light when this stimulus was presented by itself. This effect was observed in Group CI, for which the light was trained as a conditioned inhibitor, but not in Group RC, for which the light and tone were intended to be associatively neutral. These results suggest, therefore, that the recovery in the OR in Group CI is not due merely to the light's being presented in the absence of the tone. Instead, this recovery was due either to the excitatory properties of the tone or to the inhibitory properties of the light. We shall consider various explanations for this result in the General Discussion.
Because the experiment did not include a retardation test, it is questionable whether inhibition was conditioned to the light by the discrimination procedure. There are, however, two sources of evidence to suggest that inhibitory conditioning was successful. First, as discrimination training progressed, the strength of magazine activity increased during the tone and decreased during the light-tone compound. In effect, these results constitute a successful summation test of inhibition (cf. Rescorla, 1969) , in which the light served to reduce the strength of the CR elicited by the tone. Secondly, Kaye (1983; see Hall, Kaye, & Pearce, 1985, Experiment 5) conducted an experiment of similar design to the present study, except that during the final stage the light was paired with food. In this retardation test, excitatory conditioning progressed most slowly with the light for subjects that had received identical discrimination training to that administered to Group CI.
Experiment 3
In the preceding experiment the very low level of orientation to the light at the outset of discrimination training was not expected. It was also inconsistent with the proposal made in the introduction that the OR elicited by a CS should be high during the initial trials of conditioning. Although we were able to offer an explanation for this finding, we decided to examine further the possibility that the discrimination procedure for inhibitory conditioning will result, at least initially, in a high level of orientation toward the light.
There were two groups in this study. In the first stage, subjects received pairings of a clicker with food. For subjects in the experimental group, Group CI, each clicker presentation was preceded by a tone. Group LI, the latent inhibition control group, received nonreinforced presentations of the tone randomly intermixed among reinforced clicker presentations. During Stage 2, Group CI continued to receive reinforced sequences of the tone followed by the clicker, but in addition received nonreinforced simultaneous presentations of the tone and light. On these latter trials the light signaled the omission of the clicker and food that would otherwise follow the tone, and it was anticipated that the light would consequently become an inhibitory CS. Subjects in the control group also received nonreinforced presentations of the light-tone compound, but because the tone never preceded the reinforced clicker trials that were also presented, little inhibitory conditioning with the light was expected.
The serial conditioning procedure with the tone-clicker sequence was adopted on the basis of our previous research, which indicated that this results in very little magazine activity during the first CS, the tone (Kaye & Pearce, 1984b) . In the present procedure, therefore, light orientation should occur in the absence of a strong competing response, which, we suggested, was not the case for Experiment 2. If the discrimination procedure for inhibitory conditioning does exert a similar influence on the OR as that observed in Experiment l, then the strength of this response should be greater during the initial trials in Group CI than in Group LI. As training progresses, however, this activity should decline in strength to a similar low level in both groups.
Because this procedure is intended to minimize magazine activity during the tone, there will be no opportunity to assess the effective-ness of inhibitory conditioning during discrimination training. Accordingly, in a final stage of the experiment different subjects received either a summation or a retardation test to examine the inhibitory properties of the light. Half of the subjects in each group were given the summation test, which involved nonreinforced trials in which the light was presented simultaneously with the clicker that had previously signaled food. It was expected that if the inhibitory conditioning with the light in Group CI was effective, then in this group conditioned responding to the compound should be less than to the clicker alone. The remaining subjects received a retardation test in which the light was paired with food. It was expected that the acquisition of conditioned responding to the light would be slower in Group CI than in Group LI.
Method
Subjects and apparatus. The subjects were 32 male Sprague-Dawley rats of mean weight 338 g (range 262-399 g). They were housed and maintained as in the previous experiments. The apparatus was that used in Experiments 1 and 2. In addition, a 10-Hz dicker CS at an intensity of 74 dB re 20 #N/m 2 could be presented through a second loudspeaker on the roof of the chamber.
Procedure. During the first two sessions, subjects were magazine trained as described in Experiment 1. They were then randomly divided into two groups of 16 animals. In Stage 1 both groups received ten 50-rain sessions of discrimination training. Subjects in Group LI received six 10-s presentations of the clicker, each of which was immediately followed by a food pellet. These trials were randomly interspersed with six 10-s nonreinforced tone presentations. The intertrial interval was 4 min. Subjects in Group CI received the same pattern of reinforced clickers; however, each was immediately preceded by the 10-s tone. Following this, a single session of light preexoosure was administered in which subjects received six 10-s illuminations of the light. No food was presented during this session.
During the ten 60-min sessions of Stage 2, both groups received six 10-s illuminations of the light presented simultaneously with the tone. In addition, all subjects continued to receive six reinforced clicker presentations per session; for Group CI each clicker trial was immediately preceded by the tone alone for 10 s. The order of the clicker and compound trials was random with the constraint that not more than three identical trials could occur consecutively. In Stage 3 of the experiment, half of the subjects from each group received a summation test and the remainder a retardation test. The summation test comprised a single 50-rain session in which six reinforced clicker presentations were randomly interspersed with six nonreinforced presentations of the light in compound with the clicker. The retardation test involved five 35-rain sessions in which the light was presented six times and immediately followed by a food pellet. The intertrial interval during Stages 2 and 3 was 4 rain with no stimuli presented during the first 10 rain of the session.
As in the previous experiment, activity during each light presentation was videorecorded.
Results
On the final session of Stage 1, subjects in Group LI spent a median of 0.0 s in contact with the magazine during the tone, and 3.0 s per trial during the clicker. The median scores for Group CI were 0.1 s per trial during the tone and 4.0 s during the clicker, During the session of light preexposure, the percentages of observations that constituted an OR were 56% and 58% for Groups LI and CI, respectively. A t test confirmed that there was no reliable difference between the groups on this measure (t < 1).
The upper panel of Figure 3 illustrates the percentages of observations that composed light orientation for each group during Stage 2 of the experiment. For both groups the percentage was initially high, but declined during later sessions. This decline was slower in Group CI. An analysis of variance performed on the individual percentage of observations that made up an OR for each session revealed significant effects of sessions, F(9, 270) = 22.5 and groups, F(l, 30) = 4.3, p < .05. The Group X Session interaction failed to reach significance, F(9, 270) = 1.44, p > .10.
The results for magazine entry are presented in the lower panel of Figure 3 . Subjects in both groups spent considerably more time engaged in magazine activity during the clicker than during the compound for each group, Ts(16) _< 1, ps < .01. There were no significant differences between the groups in the strength of the magazine entry CR either during the clicker, U(16, 16) = 89, or during the light-tone compound trials, U(16, 16) = 86, ps > .05. A very low level of magazine entry was supported by the tone alone in Group CI during this stage. In no session did the median amount of time spent in contact with the magazine exceed 0.2 s per trial.
The upper panel of Figure 4 presents the duration of magazine entry in the presence of the reinforced dicker and the nonreinforced light-clicker compound for the two groups during the summation test session. Group CI showed more magazine activity during the element and less during the compound than did Group LI, which indicates the effectiveness of the prior inhibitory conditioning with the light in the former group. In order to compare the discrimination performance of the two groups, individual ratios were computed in which the mean duration of magazine entry during the compound was divided by that during the element and compound combined. These ratios were significantly smaller in Group CI than Group LI, U-(8, 8) = 10, p < .05. The value of the median ratio for Group CI was .26 and that for Group LI was .51.
The median durations of magazine entry during the light for the six sessions combined of the retardation test are presented in the lower panel of Figure 4 . The strength of this response was considerably greater in Group LI than Group CI, which again suggests that the light had acquired inhibitory strength as a result of its prior training in Group CI. Analysis of individual mean durations of magazine entry for the six sessions combined 
Discussion '
The strength of the OR to a light was found to decline slowly when this stimulus was presented nonreinforced in compound with a tone that was otherwise paired with a reinforced clicker. In contrast, the decline in light orientation was more rapid when this stimulus was presented in compound with a tone that had never been paired with the clicker-food sequence. This outcome is consistent both with the results of Experiment 1 and with the predictions developed in the introduction. One purpose of the serial procedure used in this experiment was to minimize magazinedirected responding during the light-tone compound, which could influence the level of light orientation. Figure 3 suggests that this was successful as there was less than 0.1 s per trial of magazine entry in either group during light-tone presentations. This low level of magazine directed CRs, and hence probable lack of response competition, may account for the stronger OR during the initial sessions of discrimination training in Group CI compared to that of the experimental group in the previous experiment. The strong OR elicited by the light on its initial presentations is consistent with the findings of Experiment l and indeed with most of our studies (e.g., Kaye & Pearce, 1984a , 1984b .
The results from both the retardation and summation tests indicated that the light in Group CI had inhibitory properties at the end of Stage 2. Pairing the light with food resulted in significantly faster learning in Group LI than in Group CI. Likewise in Group CI the addition of the light to the clicker produced a greater depression of conditioned responding than that produced in Group LI.
General Discussion
The results from all three experiments demonstrate that when a light is presented in an inhibitory relation with food, then the OR to this stimulus persists for a number of sessions before declining to a relatively low level. This decline in strength of the OR was significantly slower for groups receiving inhibitory conditioning than for control groups. The similarity between these results and those we have obtained using excitatory conditioning procedures (e.g., Kaye & Pearce, 1984b) suggests that the same factors are responsible for determining the strength of the OR to the light in both cases. In the introduction, it was argued that these factors can be understood in terms of the accuracy with which a CS predicts its consequences. Before concluding with a discussion of this interpretation, we shall first consider alternative explanations for our results.
There has been relatively little discussion of the way in which the OR is influenced by Pavlovian conditioning. At least two authors (Buzsaki, 1982; Holland, 1977) , however, maintain that the principles that govern the acquisition of conventional CRs also apply to the OR, although perhaps in restricted circumstances. According to Buzsaki (1982) , Pavlovian conditioning results in the CS serving as a "sign-post" signaling that a US will be delivered in its vicinity. As a consequence, animals will approach this stimulus in appetitive procedures (e.g., Wasserman, Franklin, & Hearst, 1974) and withdraw from it when an aversive US is employed (e.g., Karpicke, Christoph, Peterson, & Hearst, 1977) . Buzsaki (1982) claims that the conditioned OR is in fact this approach activity observed in appetitive conditioning procedures, and it follows, therefore, that when an aversive US is employed the OR will decline rapidly because it will not be conditioned. Buzsaki (1982, pp. 472-473) also implies that the OR to stimuli signaling the absence of food will decline in the same way as if the CS signaled an aversive US; that is, the OR should be replaced by withdrawal. The view that an inhibitory conditioning procedure should weaken the OR is contradicted by the results of our experiments. Admittedly, the OR to the light did eventually decline but at a much slower rate than for a stimulus that was associatively neutral. During the initial conditioning trials, therefore, the inhibitory procedure appears to have enhanced the OR rather than weakened it. Furthermore, Holland (1979) has shown that when the US is a mild footshock, then the CS with which it is paired will support an OR. On the basis of these results it appears that it is not simply the CSs that are paired with appetitive US that elicit ORs during Pavlovian conditioning, as Buzsaki (1982) asserts. Holland (1977) made the rather different proposal that the OR is sustained to any stimulus that signals a US. To accommodate our present findings, this account would have to be extended by assuming that any CS, either excitatory or inhibitory, will support an OR. The main problem for this type of analysis is to explain the decline in strength of the OR that is observed with extended conditioning. Kaye and Pearce (1984b) discuss this issue in detail for appetitive conditioning; therefore, here we shall consider only the case of inhibitory conditioning. It might be argued that inhibitory training strengthens two responses: an OR, or approach to the conditioned inhibitor, and a CR of withdrawal from this stimulus. As conditioning progresses, it is conceivable that this latter response will gain in strength and suppress or interfere with the former. It is unfortunate that in all our experiments we did not measure general activity in the presence of the light, and we are unable to evaluate this proposal fully. We did, however, record general activity on the final session of discrimination training in Experiment 3 and found no evidence of withdrawal from the light in either group. The position of each rat in the Skinner box was observed twice during each lighttone compound presentation and during every 10-s period immediately preceding the compound. On 55% of the observations made during the pre-CS periods, subjects in Group CI were within 6 cm of the wall on which the light was mounted, whereas during compound presentations the corresponding percentage was 72%. The results from Group LI were comparable and suggested that the compound actually elicited a weak approach response toward the light rather than a withdrawal from that stimulus. Furthermore, the results from the final stage of Experiment 2 are also inconsistent with such a competing response analysis. Presenting the inhibitory light by itself after discrimination training resulted in a temporary recovery of the OR. It is not at all clear why this manipulation should result in a temporary reduction in the strength of withdrawal from the light.
The failure in our studies to detect any withdrawal from the inhibitory CS conflicts with a number of studies investigating inhibitory conditioning in pigeons. Gaffan and Hart ( 1981) , Franklin (1977), and Wasserman, Franklin, and Hearst (1976) all reported that pigeons will withdraw from a stimulus key if its illumination is negatively correlated with the delivery of food. We are unable to offer any firm explanation for our failure to observe a similar effect, but the differences in density of food presentation and magnitude, as well as the use of different species, may well be responsible for the discrepant outcomes.
According to Wagner (1976 Wagner ( , 1978 , the weakening of the response elicited by a stimulus as a result of its repeated presentation, habituation, is determined by the extent to which it is rehearsed in short-term memory (STM). This, in turn, is held to be determined by the strength of an association between a representation of the stimulus and the context in which it occurs. Thus in our two experiments, repeatedly presenting the light to all groups will result in the development of a context-light association. As this association grows, so the light will receive progressively less processing or rehearsal, and the OR that it elicits will gradually decline in strength. One important aspect of Wagner's theory is that the rate of association formation is assumed to be retarded if the events being associated are followed by a surprising event.
In the case of the inhibitory conditioning groups, the nonoccurrence of food, predicted by either the context (Experiment 1) or the tone (Experiment 2), will be surprising and retard the development of the context-light association. This theory accurately predicts, therefore, that the decline in the strength of the OR to the light should be slower in the experimental than control groups. The recovery in the OR to the light in the final stage of Experiments 1 and 2 is, in contrast, more difficult for this account to explain. In Experiment 1 the recovery was obtained by pairing the light with food. Because the context remained unchanged throughout the experiment, the light in the final stage should not have received undue rehearsal in STM, and therefore it should not have elicited a strong OR. In the case of the second experiment it might be thought that the recovery in the OR to the light in Group CI was due to its being presented in a novel context, that is, unaccompanied by the tone. The results of the control group weaken this argument because a similar stimulus change did not influence at all the strength of the OR to the light. Thus Wagner's theory can readily explain our results as far as the decline in strength of the OR is concerned, but it is less successful in accounting for the subsequent restoration of this response.
In the introduction it was proposed informally that the strength of an OR is determined by the predictive accuracy of the stimulus towards which it is directed. In order to consider the above results with respect to this proposal, it is necessary to provide a more formal account of what is meant by predictive accuracy.
On the basis of results from an excitatory conditioning procedure involving a single CS, Kaye and Pearce (1984b) argued that the relationship in Equation 1 describes the way in which the predictive accuracy of a CS determines the strength of the OR that it elicits:
~"= Ix "-~-v"-~i.
(1)
In this equation a refers to the strength of the OR on trial n; X represents the asymptote of conditioning determined by the magnitude of the US on trial n -I, and V represents the associative strength of the CS on that trial. In order to evaluate the application of this expression to compound conditioning, we conducted a series of experiments that examined the effects of blocking on the strength of the OR elicited by a light (Kayc & Pcfirce, 1984a) . In these experiments subjeers received reinforced presentations of a tone prior to reinforced presentations of a light-tone compound. Because it is well established that this procedure will result in little gain in associative strength by the light (Kamin, 1969) , Equation 1 predicts that the OR should persist at a relatively high level to this stimulus throughout compound conditioning. In contrast, we observed that the OR declined in strength more rapidly in these circumstances than for a group receiving only compound conditioning. As a result we proposed that Equation 2 provided a better account of the factors that determine the strength of the OR:
In this equation, Vr is determined by the combined associative strength of all the stimuli present on the trial. At an informal level this expression states that it is the accuracy with which a compound predicts the events following it that determines the strength of the OR to its various constituents. In fact, we have noted elsewhere that equa-tions such as 1 and 2 predict unreasonably rapid changes in the value of a (Pearce et al., 1985) . We have proposed, therefore, that relationships of the sort described in Equation 3 might provide a more realistic account of the changes that occur to or: a" = 3,1~, "-1 -Vr'-ll -I-(1 -3")-or "-1.
This equation enables a to be determined by an exponentially weighted moving average of its preceding values (cf. Killeen, 1981) . The value of 3' (which can vary between 0 and 1) determines the relative influence of recent and remote trials. In applying this expression to the inhibitory discrimination procedure of Experiment 2, the value of a is predicted to be relatively high at the outset of training. This is because on compound trials the value of h will be zero, and V will be of some positive value determined by the associative strength of the tone. There are conflicting views on the way this discrimination will be mastered, particularly concerning the nature of the properties that will be acquired by the light. Some theorists, for example, assume this stimulus will enter into associations with a no-US center (Konorski, 1967; Pearce & Hall, 1980) , whereas others assert that it will gain negative associative strength (Rescorla & Wagner, 1972) . Fortunately, this issue is not of great concern to the present discussion since most theorists acknowledge that this discrimination will result in the light's acquiring properties that effectively cancel out the influence of the tone. As a consequence, these theories all predict that the net value of Vr will slowly decline with extended inhibitory discrimination training. The resultant decline in the discrepancy between ~ and VT will, according to Equation 3, produce a gradual weakening of the OR.
Equation 3 thus predicts that the strength of the OR towards an inhibitory CS will be high at the outset of conditioning, but it will decline slowly as training progresses. A much more rapid decline in the strength of the OR is predicted for subjects receiving repeated presentations of a neutral CS because the discrepancy Ih -Vrl will be equal to zero when this stimulus is introduced. By and large, the above results confirm these predictions. Thus because of the use of a discrimination procedure in Experiment 3, Group CI performed a stronger OR in the presence of the light than did Group LI at the beginning of training, but this effect disappeared after a number of sessions. A similar result was obtained with the discrimination procedure in the later stages of Experiment 2, and there are good reasons for the weak OR observed for Group CI in the initial sessions of this experiment. The results of Experiment 1 are also consistent with the analysis, if it is accepted for Group CI that the contextual cues acquired excitatory strength that contributed to the value of Ft.
In spite of this apparent success, there are two problems posed by the above results for the account developed by Kaye and Pearce (1984a, 1984b) . The first concerns the results from the final stage of Experiment 2 in which the presentation of the light in the absence of the tone resulted in a temporary recovery in the OR for Group CI. There is ample evidence that the repeated presentation of a conditioned inhibitor by itself will not result in a loss of its properties (Pearce, Nicholas, & Dickinson, 1982; Zimmer-Hart & Rescorla, 1974) . As a result, when the light is first presented alone, the expression I~ -Vrl will be positive due to the negative value of the light, and Equation 3 predicts that the OR to this CS should be restored. However, because the properties of the light will not extinguish, this equation incorrectly predicts that the recovery will not be temporary.
One explanation for this outcome is that inhibitory stimuli may be ineffective when they are presented in the absence of a conditioned excitor (cf. Rescorla, 1979) . If this is correct, then the expression I~ -Vrl would essentially be zero when the light was presented by itself, and some other explanation is required to explain the temporary recovery in the OR produced by this manipulation. It could well be, as Rescorla (1982) has suggested, that during inhibitory discrimination training, subjects form within-compound associations,--in our case, between the inhibitory light and the excitatory tone. The omission of the tone when the light was first presented alone would result in a discrepancy between ~ and F for this association, and a would gain in value. Furthermore, this recovery should only be temporary. The repeated presentation of the light by itself will weaken the light-tone association and result in the related value of I~ -Vrl declining again to zero. To account for the failure to observe a similar recovery of the OR in Group LI, it would have to be assumed that the value of k for the light-tone association is considerably greater when the tone possesses associative strength than when it is neutral.
The second problem for an account that emphasizes the importance of the predictive accuracy of a CS as a determinant of OR strength concerns the results of Groups RC of Experiments 1 and 2. For these groups the light was presented randomly with respect to food, which should have ensured that this stimulus was an inaccurate predictor of its consequences. In spite of this, the strength of the OR elicited by the light was relatively weak for these subjects, and in Experiment 1 no different from that elicited by a light presented in the absence of food. There are at least three factors that may be responsible for this pattern of results. First, relative to the duration of each light presentation, the density of food deliveries was sparse. The possibility of food being paired with the light in Groups RC was therefore slight, and, given the relationship expressed in Equation 3, these occasional pairings should have little influence on a. Had a denser reinforcement schedule been employed, then the greater frequency of light-food pairings would be expected to support a high value of a. Indeed, the results of Kaye and Pearce (1984b) showing a sustained OR to a partially reinforced CS are consistent with this view. Second, all subjects in the three experiments received a dense schedule of food delivery during magazine training. The introduction of the light was thus always accompanied by a reduction in the frequency of food presentation. As a result, this stimulus may have acquired a measure of inhibitory strength in all the control groups, and, according to Equation 3, this would ensure a relatively strong OR at the outset of the experimental stage. Finally, in Experiment 1, in order to ensure that Groups CI and RC received an equivalent number of pellets in each session, they were presented in such a manner that the probability of food immediately prior to the light was greater in Group CI. This would ensure that the effects of nonreinforcement following the light had a greater influence on the strength of the OR, as determined by Equation 3, in Group CI than in Group RC, at least during the initial sessions of the experiment.
In order to confirm that all these factors • would indeed result in a relatively weak OR with our random control procedure, a computer simulation of Experiment 1 was performed. This was based on Equation 3 and took account of the three points just raised. The results from the simulation were very similar to those reported. In summary, the strength of the OR for Group L-was predicted to be high at the outset of training and to decline to a low level. The strength of the OR for Groups L ° and RC was predicted to be similar and lower than that for Group L-at the outset of training. With continued training, the OR in these control groups also declined until a point was reached where the response was predicted to be the same for the three groups.
In conclusion, it can be noted, first, that the strength of the orienting response during inhibitory conditioning appears to follow much the same pattern as that observed during excitatory conditioning (see Kaye & Pearce, 1984b) . At the outset of these training procedures, the frequency of the OR directed toward the CS is high but declines to a relatively low level as training can be assumed to approach asymptote. In both cases this decline is less rapid for an excitatory or inhibitory CS than for an associatively neutral stimulus. Moreover, once the OR has declined in strength, it can be readily restored by reversing the contingencies associated with the CS, either by withholding the US after excitatory conditioning or by pairing the CS with the US after inhibitory training. These findings are entirely consistent with the view that the predictive accuracy of a CS determines the strength of the OR directed towards it.
The second conclusion to be drawn from the above discussion concerns the possibility that the OR may provide a behavioral index of some control activity that is fundamentally involved in associative learning. If this is correct, then it suggests that subjects will learn most readily about a stimulus that elicits a strong OR or, in cases where this response cannot be observed, about a stimulus that is an inaccurate predictor of the events it precedes. It is encouraging to note that both Kaye and Pearce (1984b) and Pearce and Hall (1980) discuss a number of studies that are consistent with these predictions. In addition, if the OR is related to some.central process that is responsible for associative learning, then the finding that the strength of the OR is determined by the predictive accuracy of a CS lends support to the PearceHall (1980) theory. This follows because it is exactly this relation that, according to the theory, determines the magnitude of associative learning on any trial.
